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1. Principal:Investigator (give title and degrees): 

Dean Robert Webb, Jr., M.D., Associate Physician, The Mason Clinic 
Co-Investigators: 

Carrol J. Martin, M.D., 

Edward H. Morgan, M.D. Chief, Section of Respiratory Diseases, Dept. 

2. Institution &addtess: of Internal Medicine, The Mason Clinic 

Virginia Mason Research Center 
1000 Seneca Street 
Seattle, Washington 98101 


3. Department(s) where research will be done or collaboration provided: 

Department of Medicine, Virginia Mason Medical Center 
Seattle, Washington 98101 


4. Short title of study: 

Proteolysis in Chronic Obstructive Lung Disease 


5. Proposed starting date: July 1, 1974 

6. Estimated time to complete: Three years 



7. Brief description of specific research aims: The Overall Objective Of this project is tO 
study the etiologic importance of protease-antiprotease balance in¬ 
patients with chronic obstructive lung disease (COLD). Data reviewed 
in the appendix suggest this balance may be important in both human 
disease and in experimental models. Documentation of the importance 
of proteases and their control would open new avenues for the early 
detection, prevention, and perhaps therapy in patients with this 
clinical picture. 


Three years are planned for this overall project. The natural history 
and pulmonary function of patients to be studied are being sequential¬ 
ly evaluated in another ongoing study. The specific aims for the 
first year are detailed below and include development of methods and 
the accomplishment of a small pilot study. The main study involving 
five groups of 20 patients each is planned for the second year. The 
patient groups to be studied are: I - normal controls, II - severe 
COLD, III - early COLD, IV - Chronic bronchitis, and V - bronchial 
asthma. After analyzing results from the main study in the third 
yearf n additional restricted study will be performed on new patients 
to further document the validity of those findings. 


Specific aims for the first year are as follows: (1) Study serum, 
secretions and leukocytes from 10 patients with carefully documented, 
severe COLD and ten control patients for differences in proteolytic 
capacity and anti-proteolytic activity. (2) Finish method development 
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to accurately quantitate alpha.^ antitrypsin, immunoglobulin A, 
free secretory component, lactoferrin, and lysozyme in sputum and 
saliva. (3) Develop norms for the enzymatic potential of poly¬ 
morphonuclear leukocytes in normals and COLD patients. (4) Use 
information gained from the initial pilot study to finish planning 
details of the main study. 



C 
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. 8. Brief statement of working hypothesis: 

Many data both in humans and experimental animals are consistent with 
the hypothesis that emphysema, which presents clinically as COLD, re¬ 
sults from uncontrolled proteolysis in the lung. 

In this hypothesis the normal millieu, with proteases appropriately con¬ 
trolled by protease inhibitors, does not result in disease. However, 
either deficiency of inhibitors (in alpha, antitrypsin deficiency, for 
" example) or excessive protease (probably present in chronic bronchitis) 

• may destroy this balance and result in lung destruction. The rationale 
of this study is to measure several variables which might lead to in¬ 
creased protease activity and/or decreased inhibitor activity in patients 
with COLD and control patients without disease. The goal is documenting 
whether protease-antiprotease balance is altered in patients with COLD. 

A population has been selected for study which is being comprehensively 
evaluated sequentially, thus insuring that all aspects of history and 
physiologic studies will be at hand to document any lung disease present 
without significant cost to this project. Many of the proposed studies 
on serum and secretions are already being performed so their issue in 
this study is relatively assured. 


9. Details of experimental design and procedures (append extra pages as necessary) 

Definitions : For the purpose of this study chronic obstructive lung 

disease (COLD) will mean a syndrome characterized by obstruction on 
forced expiration which is not responsive to bronchodilators. These 
patients may be symptomatic with cough, dyspnea, and sputum, or asympto¬ 
matic. Patients with atopic history of episodic bronchospasm in early 
life, eczema, hay fever, or recurrent urticaria will be excluded from 
this category. Chronic bronchitis will be defined consistent with the 
British Medical Research Council criteria as history of chronic sputum 
production for at least three months in the last two successive years. 
Bronchial asthma is defined’ for this study as recurrent episodic broncho¬ 
spasm in a patient with normal pulmonary function after bronchodilator 
therapy and with two of the following four criteria for the atopic state 
positive skin tests to common antigens, a family history of atopy, a 
personal history of eczema, and a history of seasonal allergic rhinitis. . 


Patient Population and its Selection . The patients used for this study 
will come from a larger study of the psychological aspects of COLD 1 sup¬ 
ported 1 by the National Heart and Lung Institute under the Pulmonary 
Specialized Centers of Research Program (HL 14152 M2). These patients 
have the results of a detailed history, physical examination and physio¬ 
logic evaluations stored for easy retrieval by computer. Pulmonary 
functional studies include lung volumes, forced expiratory spirograms 
before and after bronchodilators, maximal voluntary ventilation, nitrogen 
washout studies, membrane permeance by carbon monoxide steady state 
technique, arterial blood gases at rest and during exercise, dynamic and 
static compliance, closing volumes and oscillometric pulmonary resistance 
These patients are being followed on'a yearly basis with the array of 
physiologic studies above. As of September 1973, 250 patients have been 
entered into the study and have had initial evaluation; 75 patients have 
had follow-up physiologic evaluation one year after entry. 


t 


Selection of patients for each of two groups in the pilot study and five 
groups in the main study will be by perusal of the results of the P-SCOR 
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evaluations. All patients will be between 45 and 75 years old and have 
alpha, antitrypsin phenotype MM by acid starch gel electrophoresis. 
Qualifications for each group are listed below. 


Group 1 . Normal Controls - No history of chronic respiratory symptoms. 
Normal 'pulmonary function within accepted norms used at this institu¬ 
tion. 


Group II. Advanced COLD - History of chronic pulmonary symptoms. 
Physiologic screening studies will show both peak expiratory flow 
rate (PEFR) and maximal voluntary ventilation (MW) less than 40 
percent of predicted. The mean 1 second forced expiratory volume 
(FEV^) in this group is 39 percent of the total FEV. 

Group III. Early but definite COLD - Pulmonary symptoms may or may 
not be present. Screening PEFR and MW are between 70 and 85 percent 
of predicted. The mean FEV^ for the group is 65 percent of total FEV. 

Group IV . Chronic Bronchitis - Essentially these patients have 
chronic sputum production and normal pulmonary function as described 
in Definitions. 

Group V . Bronchial Asthma - This group is described in Definitions. 

As described below under Potential Problems (Appendix), they serve 
as a source of sputum from patients with essentially no destructive 
lung disease. This sputum will probably not be available from normal 
controls. 

Three separate phases are necessary to accomplish the goals of this re¬ 
search proposal. Each phase can be conveniently regarded as taking one 
year. Phase I entails final development of methodology for various 
measurements and performance at the pilot study using ten patients with 
advanced COLD and 10 control patients. Phase II will be the main study 
of 100 patients to be evaluated during the second year in the groupings 
listed above. Phase III involves the final analysis of data from the 
main study and the accomplishment of a smaller restricted study to fur- 
there document validity of results of the main study. Further details 
of these three phases can be seen in the Appendix under Tentative Work 
Schedule. 

Grouping of patients in the main study (second year) for comparisons of 
blood and secretion studies is shown diagramatically in the Flow Sheet 
below. In the initial year only control and severe COLD patients will 
be studied. 

PATIENT FLOW SHEET FOR PROTEOLYSIS STUDY 


P-SCOR Patients 
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P-SCOR pulmonary 


history and function data 


Normal controls 


Protein and’ enzyme studies on’blood and secretions 
Compare results among five groups 


Advanced COLD Early COLD Bronchitis j J Asthma] 
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9. Procedures, continued. (2) 


Historical and Physiologic Data . Selected data will be extracted 
from the P-SCOR study for correlations with results of studies on blood 
and secretions done for this project. Historical points to be recorded 
will include age, sex, smoking history, sputum production, exercise 
tolerance, duration of symptoms, and history of atopy. Physiologic 
results extracted will include lung volumes, FEV./FEV, maximal voluntary 
ventilation, membrane permeance, closing volumes, airway resistance, and 
compliance. The above data will be placed on computer cards for later 
analysis and correlation. 

Stu dies on Blood and Secretions . Informed consent (see Appendix pg. 

A-12 ) will be obtained on each patient for obtaining a 40 cc blood 
sample, and for retaining a sample of sputum and saliva. These are the 
only studies that will be done on participants and follow-up evaluation 
for this project is not presently planned. 

Collection and Storage of Samples . Each patient seen in the P-SCOR 
study will donate a sputum sample of 30 cc volume at the time of the 
physiologic studies. The 40 cc blood sample will be obtained at the 
time of physiologic studies also and the 30 cc saliva sample will be 
obtained from the large quantity usually stimulated at the time of the 
esophageal baLoon studies of compliance. The leukocytes will be separated 
from blood as described below and frozen in several aliquots with the 
sputum and : saliva samples at -70° centigrade for further analyses so 
each sample will have to be subjected to only one freeze-thaw cycle. 

Blood studies will include those on leukocyte lysosomes and on serum. 
Lysosomes will be initially harvested by two methods: first, the method 
of Chodiker, Bock, and Vaughn37* will be used to obtain lysosomes for 
chemical analysis of elastase-like esterase and neutral protease acti¬ 
vity. Elastase-like esterase in the lysozomal fraction will be assayed 
by its action on synthetic substrates considered specific for elastase 
(tertiary butzyloxy-carbonyl 1-alanine p-nitrophenol and/or N-acetyl-1- - 
alanyl-l-alanyl-l-alanine methyl ester) as described by Janofr . Neutral 
.protease will be measured in the lysozomal fraction by the method of 
Porter and Cebra.39 Secondly, Dr. Inge Olsson of Lund, Sweden has agreed 
to collaborate in the study with specific immunological measurements of 
lysozomal proteases in his laboratories in bund. He has isolated the two 
major proteases from polymorphonuclear leukocytes with great nurity^O and 
thus can measure these concentrations using immunologic means. One pro¬ 
tein is an elastase and is inhibited by alpha^ antitrypsin. The other 
is a collagenase-like material and is inhibited by alpha?macroglobulin. 

His measurements will be from lysozomal enzymes extracted from granulo¬ 
cytes after a Ficoll-Hypaque separation. 

Serum studies will include quantitation of immunoglobulins by radial 
immunodiffusion and alpha^ antitrypsin quantitation by electroimmuno¬ 
diffusion using a modification of the method of Laurell.^l* Acid starch 

♦References are located in the Appendix after Background Material. . 
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9. continued (3) 


gel electrophoresis with subsequent crossed electrophoresis as des¬ 
cribed by Fagerhol will be done to obtain AAT phenotype on each serum. 
Patients with other phenotypes than MM will be excluded to rule out AAT 
deficiency as a cause of COLD. 

Sputum will be cultured for bacteria and a differential cell count will 
be made.. AAT, Sec IgA, Secretory Piece, Lactoferrin, and Lysozyme will 
be quantitated by methods developed or under development in this laboratory 
based on the basic methods described independently by Laurell, 0 and 
Merrill, Harley and Claman. Attempts will be made to assay elasto- 

lytic and proteolytic activity of sputum directly by a modification of 
the methods described above under studies on the leukocytes. Specific 
enzymatic activity and specific protein quantitation' will be evaluated 
in comparison to total protein concentration, dry weight, and to volume 
of an immediately preceding 24-hour sputum sample. 

Saliva will have the same protein quantitations as sputum. This pro¬ 
cedure is done with attention to the possible screening use of saliva 
as a much easier sample to obtain than sputum in most patients. 

Analysis and Interpretation of the Data . A large number of individual 
observations will make analysis difficult and multivariate analysis will 
probably be necessary. Initial simple comparisons of the means between 
groups for each quantitation described above in blood and secretion studies 
will be made. Biostatistical help will be available for multivariate 
analyses. A major use of the initial pilot study will be used to provide 
experience with which to plan the data collection and 1 analysis of the 
main study in more detail. .A Raytheon 704 computer is used for P-SCOR 
data and is available to this study. The importance of early continuing 
interaction with biostatistical specialists is recognized and planned. 
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10. Space and facilities available (when elsewhere than item 2 indicates, state location): 


The Virginia Mason Research Center is an independent research facility 

JT with laboratories, administrative staff, experimental surgery suite, and 

^ animal facilities to support multidisciplinary research. Active studies 
are currently underway in various aspects of respiratory disease including 
mechanisms of pulmonary fibrosis, physiologic studies of obstructive lung 
disease in both animals and man, collagen and elastin studies in obstruc¬ 
tive disease, cell culture studies of various cell populations of the 
lung, laryngeal pathology, and physiologic changes caused by hyperbaric 
conditions. 

Clinical resources are those of The Mason Clinic, a multi-specialty group 
practice of 85 physicians. Four Chest medicine and two Allergy specialists 
see large numbers of patients with COLD. Various clinical and research 
conferences in pulmonary disease and an active postgraduate training pro¬ 
gram promote interest in new developments in pulmonary disease. This 
interest in turn engenders excellent cooperation among staff members for 
research studies. 

All equipment needed for the present is available except for a refrigerator- 
freezer which will be needed for storage of samples, and an electrophoresis 
power source. Other equipment available includes equipment for protein 
studies, electron and immunofluorescent microscopy, and a fairly complete 
cell culture laboratory. Equipment available and specifically needed for 
this study include tissue homogenizer, sonicator, agarose and starch gel 
electrophoresis apparatus, drying oven, and a high-speed centrifuge. 

14.—Additienol-foeihties-reetuireeh 

C To summarize, the Virginia Mason Medical Center has ideal facilities with 
which to support the planned research project. Particular emphasis on 
pulmonary disease is present in both the clinical and research areas which 
gives a "critical mass" of interest and constructive criticism. Labora¬ 
tory space and major equipment needed for this study is all on hand. 

11. Additional facilities required: None 


C 

12. Biographical sketches of investigator(s) and other professional personnel (append): 


h* 

O 

O 

CJ 

CA 



13. Publications: (five most recent and pertinent of investigator(s); append list* and provide reprints if available). 
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14, First year budget: 

A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 

* even if no salary requested) 

D. Robert Webb, M.D. 
fringe 

.C. J. Martin, M. D. 

Edward H. Morgan, M.D. 





% time 

Amount 

20% 

$6,000 


1,200 

5% 

-0- 

5% 

-0- 


Technical 

Dick Chen 
fringe 

Secretary (to be recruited) 
fringe 


100 % 

25% 


$ 8,000 

1,040 

1,750 

228 


Sub-Total for A $18 ' 218 


B. Consumable supplies (by major categories) 

Buchler Model #3-1155 Power Supply 685 

S-8223 Vortex Genie Mixer (SCI prod) 65 

4812 Cole Parmier Magnetic Stirrer & Hot Plate 114 

Glassware 1,000 

Antibodies 500 

Chemicals 800 

Clerical Supplies, Copying, etc. , 200 

Sub-Total for B _ 

$ 3,364 

C. Other expenses (itemize) 

Data Processing 300 

Biostatistical Consultation 500 

1 National Trip 500 

Blood Counts & Sputum Analysis 20 Pts. 300 

Air Freight (3 trips, Copenhagen @$28+ ea) 85 

Sub-Total for C _$ 1,685- 


Running Total of A + B + C $23,267 

D. Permanent equipment (itemize) 

Silver King 7 Cu Ft. Refrigerator 300 

Silver King 7 Cu Ft. Freezer 315 




E. Indirect costs (15% of A+B+C) 


15. Estimated future requirements: 


Sub-Total for D _$_ 615 

E 3.490.05 

Total request $ 27,372.05 



Salaries 

Consumable Suppl. 

Other Expenses Permanent Equip. 

Indirect Costs 

Total 


Year 2 

23,990 

3,000 

3,000 

4,498 

34,488 


Year 3 

20,277 

1,000 

1,800 

3,461 

26,538 
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16. Other source* of financial support: 

Ust financial support from all sources, including own institution, for this and related research projects. 

CURRENTLY ACTIVE 


Title of Project 

Source 

(give grant numbers) 

Amount 

Inclusive 

Doles 

Protein Abnormali¬ 
ties in Obstructiv 
Lung Disease 

#172 

2 Virginia Mason Re¬ 
search Center 

$9,814. 

Nov 1,1972 - 
Jan. 31, 1974 

Protein Abnormali¬ 
ties in Obstructiv 
Lung Disease 

#172 

| Virginia Mason Re¬ 
search Center 

$9,203 

Feb. 1, 1974 - 
Jan. 31, 1975 

Title of Project 

- 

PENDING OR PLANNED 

Source 

(give grant numbers) 

I 

Amount 

Inclusive 

Dotes 

Proteolysis in 

COLD 

National Institutes of 

Health (NHLI 

♦ 

j 

[75,184 

May 1, 1974 - 
April 30, 1977 

| 


It is understood that the investigator and institutional 
officers in applying for a grant, have read'and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Undfer Which Project Grants Are Made." 


Principal investigator 

Typed Name___ 

Signature 5 ^- te- 
Telephone (206) 623-3700 Ext. 344 



Checks payable to 



-glnia Mason Research Center 


Mailing address for checks 

1000 Seneca Street 
Seattle, Washington 9 8101 

-V..- 


Responsible officer of institution 

Typed Nome William F. Will o ughby. M.D. .Ph'. D 
Title_Director^ 


t ' /j ./// . ~f s 

// I - 1 


' v< 


Signature — it—— LLil .— \/- 

Telephone _ < 206 > 624-114^, Ext. 417 


■f 


Arta Cod* 
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